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ABSTRACT 

Details of the design of a long-period triaxial borehole seismometer were 
completed.    Preparations were started for field use of the seismometer. 
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LONG-PERIOD SEISMOGRAPH DEVELOPMENT 

i.    INTRODUCTION 

Thi« report diicuttes the development of a long-period trimxial borehole 
•eiimometer. the eystem in which it will operete. end the design concepts 
of the uphole control appar- tu». 

The purpose of this report is to present the »echnical accomplishments of 
this project tor the period from 1 October 1966 through 31 December 1966 
it is submitted iu compliance with par«graph 2.  Data Requirements, of the 
Sutement of Work to be Done.  AFTAC Project Authorization,  Mo.   VELA 
T/6706 dated 15 Februar 1966.    The project is under the technical direction 
of the Air Force Technical Applications Center (AFTAC) and under the over- 
all direction ol the Advanced Research Projects Agency (ARPA). 

2.    DEVELOPMENT OF A LONG-PERIOD TRIAX1AL 
BOREHCLE SEISMOMETER.   TASK lb 

2. 1   INTRODUCTION 

The concepts described in the last Quarterly Report (TR 66-94) have been 
followed in the design of the various portions of the seismometer.    At the 
time of this report,   the seismometer parts are being completed and assembly 
has been started.    There are a few detail» to be complete«! which are described 
below.    Figure 1 shows a block diagram of the system. 

2. 2   STATUS OF WORK 

2. 2. 1   Seismometer 

The tilt table design is complete and most of the part» are in our shop.    Tilt 
is controlled in two plane» at right angles to each other and normal to the 
direction of the sensitive element mast.    Tilt can be controUed over a range 
of  ±5 degrees of arc in both the cross-axis and the sensitive-axis p.'anes,  at 
a rate of approximately 1 minute of arc per second of time. 

Tilt is controlled in the two planes by two planetary-geared induction motors 
each driving a worm-gear asserr aly which in turn is co mected to a rack and ' 
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and pinion.    Relative motion of the pinion along the rack forces the table 
of the tilt table to move relative to its base.    The motion is rigidly locked 
by the worm and gear and by preloading the rack and pinion drive of the 
tilt table raceways. 

The tilt table will automatically level so the sensitive element mast is vertical 
during seismometer operation.    For raising and lowering in the hole,  and for 
shipment,   Microswitches will automatically orient the sensitive element 
relative to the case so that it can be locked.    The vertical sensor for the tilt 
table has not yet been chosen.    Four basic types are being considered: 
electrolytic-bubble,  electrolytic-pendulum,  electromagnetic-pendulum,  and 
mercury switch.    The electrolytic and mercury types are the most convenient, 
but,   unfortunately,  they are temperature sensitive.    The electromagnetic- 
pendulum type involves some relatively complicated circuitry and is expensive. 

As an aid in choosing the vertical sensor type and in judging the performance 
of the sensitive element design,  a computer study of the LaCoste geometry 
has been initiated.    The response of the geometry to slight tilts in both 
planes and to dimensional variations of its parts is being studied.    Pending a 
final decision concerning the vertical sensor,   Brunson tilt indicators will 
be used for the vertical reference purposes. 

The sensitive element design has been completed with the exception of some 
details in the locking mechanism.    The parts for which we have drawings are 
being manufactured,  and some of the parts are now complete.    We have 
rescheduled sensitive element completion for 15 January 1967. 

Completion of the triflexure design was delayed pending a satisfactory 
prediction of its characteristics.    The computer program being used in this 
analysis has been modified a number of times as our understanding of the 
triflexure Improved.    We now have a workable design which will use 0. 011-inch 
thick Ni-Span C flexures mounted in an Invar housing.    The internal load of 
the triflexure is such that,  at the operating spring rate (which will cover the 
range  0. 78-2. 68 in.-lb/rad) and external load,  all three flexures of the tri- 
flexure will be in tension.    As the internal load is increased by springing 
that portion of the housing on which the main flexure is mounted,   the spring 
rat*! of the triflexure will decrease,  thereby lengthening the period of the 
seismometer. 

Three pressure-tight cases of Randolite have been received and inspected. 
They appear to be satistactory in every way.    The actual weight of the Randolite 
case is 14 pounds 10 ounces as compared to the estimated 70-pound weight of 
an equivalent ateel case.    Preparations are presently being made to test the 
cases at operating pressure and temperature. 
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2. 2. 2   Installation and Down-Hole Cable 

Aa mentioned in previous reports,  installation of the seismometer in this ^ 
program will be accomplished by lowering the instrument on a string of 
tubing.    This concept will allow known orientation of the seismometer in the 
hole during the various tests that will be performed. 

The tubing string for lowering is complete.    This string consists of steel 
tubes,  each 10 feet long with orienting fittings pinned on each end.    These 
fittings are also used to connect the tubing lengths together as the seismometer 
is lowered into the hole.    The total angular error in s 240-root long string 
is not expected to txceed 1. 8 degrees uf arc. 

The stinger "J" latch assembly,  used to connect and disconnect the tubing to 
the seismometer,  is complete and has been received from Manufacturing. 
The mating   "overshot"   assembly,  which attaches to the lowering tubing 
string and mates with the J latch when lowering or raising ihc seismometer 
in the hole,  is also complete. 

A sample of cable from Precision Cable Company,   Beaumont,   Texas,  has 
been tested and found satisfactory for down-hole use.    Precision Cable 
Company can supply a custom cable to fit our specifications and delivery 
requirements and at a competiiive price.    The cable will have 48 #24 AWG a 
stranded copper conductors arranged in 24 twisted pairs surrounding a 
strain relief member of 480 pounds breaking strength.    Four of the pairs 
will be shielded for data and calibration use.    The capacitance between 
any two conductors will not exceed 18 picofarads with an insulation 
breakdown exceeding 1000 Vdc.    The cable is encased in a 1/8 inch thick 
polypropylene jacket for a total cable diameter of approximately 5/8 inch. 

2. 2. 3   Electrical and Control Design 

During the pi st quarter,   specifications have been established for the electri- 
cal components required to operate and adjust the various elements and 
functions of the complete seismometer.    Electrical circuitry has been 
designed for sequencing several functions,  for motor control,  and for 
automatic leveling and caging of the sensitive elements. 

A minimum of 44 cable conductors are required between the seismometer 
and the surface instrumentation to operate 18 motors,   3 each data,  calibration, 
and weight-lift circuits plus the indicator circuits.    As mentioned earlier,  we 
have selected a cable with 48 conductors. 

We were unable to locate a waterproof connector that would accommodate 44 or 
48 conductors and be of a suitable size.    Therefore,  we have designed a |K 
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connector shell that will accommodate a commercially available 48-pin insert, 
and will meet all of our requirements. 

Ac induction-type motors were selected for this system because of their 
greater long-term reliability and their ability to operate over a wide voltage 
range.    Sequencing and switching in each module will be accomplished by 
hermetic illy sealed relays. 

Gravity-sensing leveling switch samples for the automatic leveling of the 
sensitive elements have been ordered and will be tested to determine the 
degree of accuracy of control possible.    It is expected thai tests will prove 
that 2 elements individually adjusted will improve the 9 minutes of arc now 
available with 1 element. 

The connectors used to interconnect the modules will have 66 pins.    Bendix 
makes a pressure-tight connector which fits the requirements and an 
appropriate number have been ordered.    The large number of pins are 
necessary to provide sufficient through wiring in any one module to control 
any combination of modules stacked below it.    The switching element 
positioned at the top ol the stack provides for switching certain redundant 
functions within the seismometer modules and thus allows the number of 
uphole conductors to be reduced to 48. 

I 

3.    PRELIMINARY TESTING OF THE LONG-PERIOD 
TRIAXIAL BOREHOLE SEISMOMETER.   TASK 1c 

In anticipation of the need to begin üeld testing of the seismometer on or 
about 15 March 1967, we wrote the Project Officer on 3 November 1966, 
requesting information about the availability of a suitable hole at the Uinta 
Basin Seismological Observatory (UBSO).    In the same letter we suggested 
that if the UBSO hole would not be available by this time,  that consideration 
be given to drilling a hole at the Tonto Forest Seismological Observatory (TFSO). 

The Project Officer replied in his letter of 18 November 1966, and requested 
specific cost information to drill and case a hole at TFSO.    At the time of 
this report, we are preparing cost figures for the following: 

a. Drilling and casing a hole at TFSO; 

b. Drilling and casing a hole in Montana in tut LASA area; 
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.v    .C;*.C1**ning OUt the ,urf»ce c*«ing *t our exi.ting hole in Montana in the LASA area; 

d.    Drilling and casing a hole at UBSO. 

Upon completion of our cost figures and after the Project Officer has made 
a decision,   we will proceed to prepare a hole for use in this task. 
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APPENDIX to TECHNICAL REPORT NO.  67-1 

STATEMENT OF WORK TO BE DONE 



EXHIBIT "A" 
STATEMENT OF WORK TO BE DONE 

AFTAC Project Authorltatlon No. VELA T/6706 1- .Irtiiy.bd 
I.    TMki | 

Pv«-rlmftntal Tn""-^'^»» o{ Thennal Noli«.    Contlnu« tht «ptrl- 

rlzation date. 

«nd remotely-controlled levelling device. 

c      Preliminary rating of the JM^gtrf BiMJ|l *oTehoU Seismometer. 
■ ■      ,!r Ih^nlw borehole at a VE1A selsmologlcal observaton/ to 

Prepare a cased.  Jfg^J^JI/Jii^    Assemble handling equipment 

l„.tr>»,.»t in th. t..t hoi. to , ,,     „_    ^„„^ ,.„. u.. „t 

gating seismic noise. 

d      Field M.aBt.rements with  gM Long-Period TH axial tePlfl^tS^^ 

ZSSZi s ":""«i.iphor.hoi. 11. •»* •»»d«'' i°"«-'«i°d 

seismometers. 

2.  Data Requirements: 

Ittaohment 1 thereto. 

Provide report as specified by OD Form U23, with 
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Attachment 1 to DO Fom 1^23 
REPORTS 

AFTAC Projtcc Authorization No. VELA T/6706 

1. General; Provide monthly, quarterly, final, and special reporta in 
accordance with sentence I. paragraph I of Data Item S-17-12.0, AFSCM 
310-1; however, if that data item conflicta with the inttruetlone of 
paragraph 2 below, the latter will take precedence. 

2. Reports» 

a. Monthly Status Report«. A monthly letter-type atatua report la 
16 copies, summarizing work for the calendar month, will be submitted to 
AFTAC by the Sth day of the following month. Each report will be Iden- 
tified by the data listed in paragraph 2e and will Include, but not be 
limited to, the following subject areas: 

(1) Technical Status. Include accomplishments, problems 
encountered, future plens, actions required by the government, and 
appropriate illustrations and photograph«. 

(2) Financial Status. The contractor will follow the provision» 
of Data Itsa A-15-17.0, AFSCM 310-lA (Coat Planning and Appraiaal Unit), 
in submitting financial data. 

For the last month of each report period covered by a quarterly progress 
report, the monthly scatus report need include only the financial Informa- 
tion. 

b. Quaiterly Progress Reports. Quarterly progress reports'in 50 
copies, sutunariring work for 3-month periods, will be submitted to AFTAC 
within 15 days after the close of each such period. Each report will be 
identified by the data listed in paragraph 2e and will include the notices 
listed in paragraph 2f. Each report will present a precise and factc«! 
discussion of the technical findings and accomplishments for the entire 
report period, using a format similar to that of the final reports under 
Contract AF 33(657)-9967, as well as the technical information ordinarily 
required in the monthly reports. 

c. Final Reports. Tbfi  final report on Task la will be submitted in 
50 copies to AFTAC within 60 days after work on that project is completed; 
the final report on the rem/.ining tasks will be submitted in 50 copies 
within 60 days after the completion of all work.  Each report will be 
identified by the data IWed in paragraph 2e and will include the notices 
listed in paragraph 2f. Each report will present a complete and factual 
discussion of the technical findings and accomplishments of the project 
talks, using the quarterly-report format. 

d. Special Reports. 

(1)    Special reports of major events will be forwarded by telephone, 
telegraph, or separate letter as they occur and should be im luded In the 



following monthly rtport.  Specific Items are to Include, but «re not 
r«»trlcted to program delaya, program breakthroughs, and change« In 
funding roqulretnent«, 

(2) Spaeial tachnical reports may be required for instalment 
evaluations, project recommendations, and special studies when «x is 
■ore desirable to have these items reported separately from the quarterly 
or final reports. Specific format, content, number of copies, and due 
dates will be furnished by this headquarter«. 

(3) All seismograma and operating logs, including pertinent 
information concerning time, date, type of instruments, magnification, 
etc., will be provided when requested by the AFTAC project officer« 

•• Identification Data. All monthly, quarterly, and final reports 
will be identified by the following data: 

AFTAC Project No. VELA T/6706. 

Project Title. 

AAPA Order No. 624. 

ARPA Program Code No. 6F10. 

Name of Cm :rector. 

Contract Number. 

Effective Date of Contract. 

Amount of Contract. 

Name and phone number of Project Manager, Scientist, or Engineer. 

£,  Notice«. 

(1) All quarterly and final reports will include the following 
notices on the cover end first page or title page: 

Spon«ored by 

Advanced Research Projects Agency 
Nuclear Test Detection Office 

ARPA Order No. 624 

Qualified users may requeet copies of this document from: 

Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22341 

^r AP 33(657)-l6406 



Thl« research was «upported by the Advanced Research Project« 
Agency, Nuclear Teat Detection Office, under the VELA-UNIFORM 
Program and was accomplished under the technical direction of 
th,«/L«xr?M?chnlc*1 Application« Cantor under contract 
AF 33(657)-16^06 

(2) Ail quarterly and final reporte will include a copy of 
DD Form 1473, Document Cortrol Data - R&D (Reference AFR 80-29). ÄFTAC 
will designate the appropriate Availability/Limitation« Notice for use 
on these forms. 
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